Discrimination of lily fragrance was performed by the use of an electronic nose, Prometheus (Alpha-MOS, France) equipped with a metal oxide sensor (MOS) array and a finger-print mass spectrometer (FMS). Fragrance of some Oriental (O), Asiatic (A), Longiflorum (L) and their interspecifc hybrids were investigated. Principle component analysis of the raw signal data was carried out to show the differences among samples. The fragrance of the three lily groups, O, A and L was clearly discriminated by both MOS and FMS. Interspecific hybrids 'Otomenosugata' (L. x formolongi x L. rubellem) and KU-2 (L. x folmolongi x 'Marco Polo') were also discriminated from their parents. E-nose has a great potential to discriminate lily fragrance and would be a useful tool for the fragrance breeding of ornamentals.
Introduction
Saturated flower markets change floriculture industries from mass-based to consumer-oriented production. Fragrance has become an important selection criterion in consumer-oriented breeding programs of ornamental plants (Barletta, 1995) .
There are, however, few reports on the fragrance breeding of ornamental plants due to the missing vocabulary to describe fragrance and no standard measurement methods to evaluate fragrance. Human olfactory is very sensitive but the sensitivity varies depending on the person and the environment. Although GC-MS is widely used to analyze fragrance components, it is not easy to find a relationship between GC data and the human sense of fragrance. Recently a new technology, 'the electronic nose' was developed to discriminate and to describe fragrance. Arrays of cross-reactive (nonspecific) chemical sensors are coupled to pattern-recognition programs, mimicking the human olfactory system. Some types of sensors, metal oxide sensors ( Shurmer and Gardner, 1992) conducting polymer sensors ( Hatfield et al., 1994) , quartz-resonator sensors (Ema et al., 1989) have been used in e-noses.
An attempt to apply the e -nose to evaluate flower fragrance was reported (Nogueira et al., 1999; Novac et al., 2001) . This work was done to evaluate a new type of electronic nose equipped with a multi metal oxide sensor (MOS) array i n combination with a finger print mass spectrometer (FMS) (Chauvet and Norvell, 2000) to discriminate lily fragrance.
Materials and methods

Plant material
Three groups of lilies, Oriental hybrid lily (O) 'Marco P olo', Asiatic hybrid lily (A) 'Connecticut King' and L .longiflorum (L) 'Hinomoto' were first compared. Flowers were harvested in grower's greenhouses at a commercial harvestable stage (two to three days before anthesis). The cut flowers were packed in dry conditions and sent to a laboratory (1-2 days). The flowers were then kept on tap water at room temperature. When the flowers opened and their fragrance was detected by a human nose, petals were removed from flowers. 1.5 X 3 cm petal segments were excised from the center part of petals. Each segment was put into a 10 ml vial of the auto-sampler (HS-100). Fresh weight of petal segments was 0.40g, 14.6% of total weight of a petal in O, 0.18g, 31.6% in A and 0.24g, 17.1% in L, respectively.
Secondly, interspecific hybrids 'Otomenosugata' ( L. x formolongi x L. rubellem, Okazaki et al., 1992) and KU-2 (L. x folmolongi x 'Marco Polo ', Fukai et al., unpublished) were compared with their parents in the same way.
MOS and FMS conditions
The electronic nose used in this study was the Prometheus (Alpha-MOS, France) equipped with an array of 18 metal oxide sensors (MOS) and a finger-print mass spectrometer (FMS). Operating conditions of Prometheus was as following, MOS: carrier gas: air, head space temperature: 40°C, flow rate: 150ml/min., injection volume: 100µl, FMS: carrier gas: He or N 2 , mode: scan, range: 45-150, head space temperature: 60°C injection volume:400µl.
Six to ten independent samples were measured in each lily. The most significant data (peak height of each signal) were chosen automatically from raw data of both MOS and FMS and were processed by principle component analysis (PCA).
Sensory panel test
Sixteen bipolar scales for description of flower fragrance established by Morinaka et al. (2001) were used in the sensory panel test. The panel was composed of thirty-two persons (age 20-25, male: female = 14:18). Interspecific hybrids ('Otomenosugata' and KU-2) and their parents were investigated. Each sample was tested on a different day. No information on the tested lilies was given before the sensory test.
Results and discussion
Each MOS produced a different signal and the reaction strength varied between 0 to 179% depending on sensors when O sample was measured (Fig. 1) . It took about 2 minutes to measure a sample. Six out of 18 sensors were chosen automatically and the data were processed by PCA. The fragrance of the three lilies, 'Marco Polo', 'Connecticut King' and 'Hinomoto' was clearly discriminated by MOS (Fig. 2) . Six mass peaks were chosen from raw data of FMS and processed by PCA. The three lilies were again clearly discriminated by FMS (Fig. 3) . In the e -nose technology the combination of chemical sensors and mass spectrometer produces more reliable and repeatable data (Feldhoff et al., 2000) . It is known experientially that O have a strong sweet fragrance, L have a fresh, sweet fragrance and A do not have a sweet fragrance. The present study demonstrates that the 'Prometheus' electronic nose can discriminate the difference of fragrance in the three types of lily.
An advantage of the e-nose is that the fragrance of flowers harvested at different times can be compared. In a preliminary experiment, the fragrance of L.longiflorum 'Hinomoto' was mesured in December, March and May. Seasonal differences of fragrance were also detected by the e-nose (data not shown). The e-nose will be useful for a quality control of horticultural products (fruits, vegetables and flowers) as shown in industrial food products (Iwatsuki et al., 2000) .
The fragrance of interspecific hybrids, 'Otomenosugata' and 'KU-2', was discriminated from their parents' fragrance by both MOS and FMS (Figs. 4 and 5) . The results demonstrated that interspecific hybrid lilies had a different fragrance from their 77 parents. The sensory panel test also showed that KU-2 had different characteristics of fragrance from parents (Fig. 6) . It has been claimed that the e -nose is suitable for discrimination but not for description of fragrance. Further studies are required to integrate a sensory panel and e-nose data in order to describe and evaluate fragrance well. This is the first report showing that the fragrance of interspecific hybrid lilies is different from parents' fragrance as objective data by use of the e-nose. So far, little is known on the inheritance of fragrance in interspecific hybridization of lily. Asano (1978) reported that the fragrance of L. longiflorum, L. formosum and L. cernuum was inheritable in their progenies. It is also expected that progenies of interspecific hybridization have variations of fragrance as they do in flower color and shape. The e-nose can be used as a prescreening tool in fragrance breeding programs in combination with a sensory panel test. 
